INTRODUCTION
Caudal Regression Syndrome (CRS) is characterised by symmetrical sacrococcygeal or lumbosacrococcygeal agenesis, of variable extent, most often accompanied by multiple musculoskeletal abnormalities of the pelvis and legs. 1 In addition, various other malformations, vertebral and non-vertebral, have occasionally been reported to be associated with the complex. The causation of this rare condition is not clear and has been attributed to environmental factors and/or to an underlying genetic predisposition.
CASE REPORT
A set of twins was delivered to a 28-year-old diabetic mother (gravida 3, term 1, para 0, aborta 1, live 1) at 33 weeks' gestation by emergency cesarean section. Maternal diabetes had been diagnosed 7 months prior to conception of this twin pregnancy. She lost her second pregnancy at 8 weeks' gestation 3 months before this pregnancy, and had been commenced with a twice-daily insulin regime. She regularly attended dedicated pre-conception clinic. Her HbA1C had been consistently below 8.2% during early pregnancy. The pregnancy proceeded uneventfully until concerns about discordant fetal growth prompted premature delivery. Serial antenatal ultrasounds had not detected any other fetal abnormalities.
At birth, twin 1 was noted to have obvious abnormalities of the lower back and legs. Her weight was 1580 g (third centile), length 39 cm (below third centile), and head circumference 31 cm (50th to 90th centile). Physical examination of her lower limbs showed muscle wasting below knees and talipes equinovarus ( Figure 1 ). There was fixed flexion and adduction of hips, and fixed extension of the knees. There were dimples on the lateral aspect of both thighs overlying the greater trochanters and also over the bony prominence in the lower spine. The sacrum was not palpable. There was dribbling of urine, but the bladder was not distended. The anus was normal in position with diminished tone. X-rays of the lower spine revealed fusion of L 2 and L 3 and absence of vertebra below that level (Figure 2 ). Spine MRI showed that the spinal cord terminated at approximately T 11 level. Twin 2 was morphologically and radiologically normal. Her weight was 1560 g (third centile), length 40 cm (below third centile), and head circumference 29 cm (10th centile). Although both twins were small for gestational age, there was no significant difference in their size.
The placenta was single, weighing 551 g, and there was a single hemorrhagic infarct. The membranes appeared to be dichorionic diamniotic. DNA blood test using the AmpFISTR Profiler kit (Perkin Caudal Regression Syndrome ( CRS ) is a rare fetal complication of diabetic pregnancy, which can result in long -term neurological, urologic, and orthopedic complications. Although the exact teratogenic mechanism is not known, hyperglycemia appears to play a crucial role as a teratogen, and therefore, stringent control of diabetes preconceptually and in early pregnancy is presumed to reduce the risk of occurrence. We report an unusual case of CRS affecting only one of a set of monozygotic twins, suggesting that as yet, unidentified factors other than hyperglycemia are included in its causation. 
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Elmer, Foster City, CA) has subsequently confirmed that the twins were monozygotic.
DISCUSSION
Bernard Duhamel first used the term ''the syndrome of caudal regression'' when he presented a paper to a meeting of the British Association of Pediatric Surgeons in 1960. 2 He described the syndrome as a spectrum of congenital malformations, which consist of anomalies of the rectum, the urinary and genital systems, the lumbosacral spine, and the lower limbs. The most severe end of the spectrum is the fusion of the lower limbs and the major organ malformations. This is known as sirenomelia or mermaid syndrome.
Although sirenomelia is often considered to be the severe form of CRS, some authors have argued that they are two different conditions. Twickler et al. 3 reported the differences between these two conditions after examining four cases of sirenomelia and three cases of CRS (Table 1) .
During normal development, the inductive events occur on the dorsal aspect of the embryo, leading to the formation of brain and spinal cord. 4 These events can be divided into primary and secondary neurulation. Primary neurulation refers to the formation of brain and spinal cord exclusive of those segments caudal to the lumbar region. Secondary neurulation starts after primary neurulation is complete by days 23 to 25.
5 During this period, the caudal end of the neural tube and the caudal end of notochord blend into caudal cell mass. The caudal cell mass extends into the tail fold, adjacent to the distal end of the developing hindgut and the mesonephros. This juxtaposition of developing hindgut, genitourinary, notochordal, and neural structures within the tail fold appears to account for the common association of distal vertebral, neural, anorectal, renal, and genital anomalies, usually observed in CRS. 5 The caudal cell mass then undergoes sequential process of canalization and retrogressive differentiation. The process of canalization is finished by about 7 weeks' gestation when retrogressive differentiation starts. This process continues into the second trimester of pregnancy. 6 Regression of a major part of the caudal cell mass eventually leaves behind the ventriculus terminalis and the filum terminale. Several authors have postulated their theories in the mechanism of pathogenesis of CRS. These theories include disturbance of the primary or secondary neurulation, 6,7 early embryonic chorda-mesodermal derangement involving the most caudal segment, 8 and a generalized alteration in mesodermal cell migration during the primitive streak period. 9 Etiologically, CRS is about 200 times more prevalent in patients with a maternal history of insulin-dependent diabetes mellitus (IDDM), whereas the incidence rate is estimated at between 0.2% and 1% in patients born to normal healthy women. 10 However, history of maternal diabetes is present in only 16% to 22% of infants with CRS. 3 Unlike CRS, sirenomelia is rarely associated with maternal diabetes 11 and more frequently with increased incidence of monozygotic twinning. 12 Sirenomelia is thought to be due to an abnormal vascular pattern 13 because these patients usually have a single umbilical artery arising from high in the abdominal cavity, and this may, therefore, divert blood flow away from the caudal region, leading to its underdevelopment.
The teratogenic mechanism of CRS in IDDM is not fully understood. Numerous environmental factors such as hyperglycemia, hypoxia, ketone and amino acid abnormalities, glycosylation of proteins, or hormone balances have been reported as potential teratogens.
14 In animal studies, hyperglycemia has induced malformations in a dose-related fashion: a 20% malformation rate was induced at glucose levels twice normal, whereas a virtual 100% rate was induced at glucose levels of 950 mg/dl. 15 It has also been hypothesized that hyperglycemia leads to release of free radicals from the influx of glucose across injured cell and mitochondrial membranes, overwhelming the immature fetal free radical scavenging enzymes. These excess free radicals can be teratogenic either directly or through a chain of events including enhanced lipid peroxidation and prostaglandin imbalance, ultimately leading to disruption in signal transduction. 16 However, one of our identical twins living in the same environment did not develop CRS, suggesting that the etiology Zaw and Stone Caudal Regression Syndrome cannot be fully explained by the environmental influence only. The genetic factors should also be considered. Apparently, diabetic fathers do not have an effect on development of congenital malformations in their offspring. 17 Conversely, teratogenicity of hyperglycemia appears to be enhanced in the presence of genetically predisposed rat embryos of diabetic mothers. 18 Moreover, maternal diabetes alters gene expression of extracellular matrix components in developing rat embryos. 19 These extracellular matrix molecules are important in morphogenesis as they modulate cell-to-cell matrix interactions. Genotoxic effect of diabetes has also been shown in vivo. In a transgenic mouse model, the mutational frequency of the lacI transgene was increased in fetuses that developed in a diabetic environment when compared with those that developed under normoglycemic conditions. 20 Additionally, Pax3 haploinsufficiency in the murine model of diabetic embryopathy has been shown to be associated with caudal neural tube defects. 21 Recently, homeobox genes have become the focus of attention in CRS. Genes carrying the homeobox were originally identified in Drosophila, where they play key roles in specifying segment identities that give rise to the head, thoracic, and abdominal regions. 22 A number of genes with striking homology to the Drosophila homeobox genes have now been found in humans and other animals. Homeobox genes (Hox) are required for development of various organs and skeletal development. Altered patterns of expression or mutations of Hox genes have been shown to produce congenital abnormalities. 23 -28 In patients with autosomal dominant sacral agenesis, which is characterised by a partial agenesis of sacrum, a presacral mass, and anorectal and urogenital malformations, a homeobox gene (HLXB9) has been identified as a major causative gene. 29 Subsequent work has analysed mutations in this gene. 30 Although the link between homeobox genes and diabetes-induced CRS has not yet been reported in the literature, maternal diabetes has been shown to alter expression of Hox genes in fetal rat lungs. 31 The teratogenic insult in diabetic embryopathy occurs from the third to seventh week of gestation at the initiation of organogenesis. 32 In rats, uncontrolled diabetes produced lumbosacral malformations only during the period of organ differentiation. 33 The placenta is an effective barrier against maternal insulin, 34 and fetal insulin is not produced before the eighth week of development. 35 Thus, the fetus appears to be vulnerable to hyperglycemic insult during this period. Therefore, stable and good diabetic control in the periconceptional period and throughout pregnancy, particularly during early trimester, is of paramount importance to prevent congenital malformations.
What is the safe level of glycemic control to avoid malformations? Miller et al. 36 found no major anomalies if the HbA1C was less than 6.9%, and significantly lower incidence if HbA1C was less than 8.5%. Greene et al. 37 observed a 3% risk of major malformation with HbA1C of less than 9.3%, and 40% with HbA1C of more than 14.4%. There is convincing evidence that preconception counselling has reduced the number of anomalies in IDDM. 38 However, it should be noted that our patient had HbA1C of approximately 8% in the early trimester.
Despite these measures being in place, this case report describes an uncommon, but well recognised, complication of an infant of a diabetic mother. Our observation that the second twin does not have any major congenital anomalies suggests a more complex teratogenic mechanism of diabetic embryopathy than simply the maternal blood glucose levels.
